INTRODUCTION
Fascia corresponds to the continuous connective tissue network throughout the body that is localized beneath the skin and surrounds muscle, bone, and nerve. Much of body work practice is accomplished by physical manipulation aimed at reorganizing fascia to improve its integration and functional characteristics.
Type 1 collagen is the major protein found in fascia, and fibroblasts are the cell type primarily responsible for collagen biosynthesis and organization. Research in my laboratory focuses on understanding the structural, functional and mechanical features of fibroblasts (early passage human foreskin fibroblasts in our work) interacting with three dimensional collagen matrices. Unlike conventional 2D surfaces, with which most research on fibroblast-extracellular matrix interactions has been carried out, 3D collagen matrices offer unique, tissue-like features.
• Cells can penetrate into the matrix.
• Cell adhesions are limited to matrix fibrils rather than continuous fields of adsorbed matrix proteins.
• Cells can remodel matrix fibrils into stably reorganized structures.
In what follows, I will summarize several key points from my presentation at the First International Fascia Research Congress held in Boston, 2007 . Figure 1 outlines the main ideas to be discussed. Readers interested in additional details including microscopic images and videos should consult our recent publications (Grinnell 2003; Jiang et al 2008; Miron-Mendoza et al 2008) . I will not cite the large and growing literature in this field but simply comment that 3D matrices increasingly are being used to model different aspects of normal and pathological tissue function (Yamada & Cukierman 2007) .
CELL-MATRIX TENSION STATE
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fibers, focal adhesions, and activation of focal adhesion signaling such as phosphorylation of focal adhesion kinase. At low cell-matrix tension, fibroblasts lack these features.
Fibroblasts at low cell-matrix tension state in collagen matrices exhibit dendritic morphology. They form a cell network throughout the matrix interconnected by gap junctions. Plateletderived growth factor (PDGF), which activates the small G protein Rac, causes increased formation of cellular dendritic extensions. Lysophosphatidic acid (LPA), sphingosine-1-phosphate (S1P) and serum activate the small G protein Rho and cause dendritic extensions to retract by a myosin II-dependent process. Dendritic fibroblasts are quiescent and exhibit low matrix biosynthetic activity. These cells probably correspond to the resting tissue fibroblast. An attractive hypothesis is that an interconnected network of dendritic fibroblasts in soft tissue can function as a mechanosensing system analogous to mechanosensing by osteocytes in bone.
Fibroblasts at high cell-matrix tension state appear lamellar and resemble cells interacting with collagen-coated culture surfaces. Lamellar fibroblasts are proliferative and exhibit high matrix biosynthetic activity. These cells correspond to the wound fibroblasts responsible for connective tissue biosynthesis and contraction during wound repair. Lamellar fibroblasts can differentiate into myofibroblasts.
Fibroblasts at low and high cell-matrix tension states regulate their morphologies using different cytoskeletal mechanisms. Cells at a low tension state require microtubules for formation of dendritic extensions. Cells at a high tension state require microtubules for polarization but not for cell spreading. However, if fibroblasts are unable to develop a high cell-matrix tension state --for instance, if they lack myosin II function --then they will remain dendritic and not become lamellar.
COLLAGEN MATRIX CONTRACTION
Fibroblasts interacting with collagen matrices bind to and remodel nearby collagen fibrils. If enough cells are present, then local remodeling will be propagated throughout the matrix and result in what appears as global matrix contraction. As a result of contraction, the collagen density of experimental matrices can increase within hours from 1.5 mg/ml to 20 mg/ml, the latter similar to the density of collagen in tissue. Figure 1 summarizes the two types of fibroblast-collagen matrix contraction that occur depending on whether the cells interacting with collagen are at a low or high cell-matrix tension state. In floating matrix contraction, newly polymerized matrices are released and allowed to float in culture medium (low cell-matrix tension). In stressed-released matrix contraction, polymerized matrices containing fibroblasts are incubated restrained on culture dishes for sufficient time to allow cells to develop high cellmatrix tension. Then, the restrained matrices are released and allowed to float in culture medium. During stress-released matrix contraction, ~3 nm pores transiently open in the fibroblast plasma membrane. The physiological significance of transient pore opening is unknown.
Different cellular mechanisms are required for floating and stressed-released matrix contraction. Floating matrix contraction depends on cell ruffling and can be stimulated by PDGF, LPA, S1P or serum. Stressed-released matrix contraction, on the other hand, depends on cell contraction and can be stimulated by LPA, S1P or serum but not by PDGF. In addition to the differences in growth factor specificity, signaling mechanisms involved in matrix contraction change depending on cell-matrix tension state. LPA stimulation of floating matrix contraction requires the Rho effector mDia1; whereas LPA stimulation of stress-released matrix contraction requires the Rho effector Rho kinase.
CELL MIGRATION AND COLLAGEN FLOW
Beside for biosynthesis and remodeling of collagen, fibroblasts also move through collagen matrices. Migration has been studied using nested matrices, which are composed of dermal equivalents (cell-contracted floating collagen matrices) surrounded by an outer cell-free collagen matrices. As suggested by Figure 1 , tractional force exerted by cells can couple differentially to collagen flow or cell migration depending on the ability of collagen fibrils to resist the force of cell traction. Collagen flow depends on the same cell motile machinery that results in cell migration and is capable of producing large scale tissue translocation as shown by closure of a ~1 mm gap between paired dermal equivalents in floating, nested collagen matrices. Therefore, depending on surrounding tissue mobility, fibroblasts activated to exert tractional force could have long distance as well as local effects on tissue organization.
Unlike collagen matrix contraction that can be stimulated by several growth factors and serum, PDGF appears to be unique in its capacity to promote cell migration. In addition, although S1P promotes collagen matrix contraction by fibroblasts, it inhibits cell migration. Since serum contains both PDGF and S1P, the balance between these factors likely will be a key determinant of fibroblast promigratory activity in serum. In general, depending upon which growth factors are released locally, the tissue environment for fibroblasts could differentially display promigratory or procontractile characteristics.
RELATION TO BODYWORK PRACTICE
Physical manipulation of fascia has the potential to change the cell-matrix tension state and also may influence localized release of cellular growth factors. As demonstrated by our research on fibroblast-collagen matrix interactions, such changes could lead to profound and rapid modulation of structural, functional and mechanical interactions between fibroblasts and the extracellular matrix and, as a result, contribute to the reorganization of fascia that results from bodywork practice. Fibroblast mechanics in three dimensional collagen matrices
